Article abstract-We studied eye movements in 50 patients with Huntington's disease. Fixation was impaired in 73% of patients; such individuals had difficulty in suppressing saccades toward novel visual stimuli. Impaired initiation of saccades was manifest by increased reaction time (89%) and inability to make a saccade without head movement (89%) or blink (35%). Saccades and quick phases of nystagmus were slowed in 62%. Smooth pursuit was abnormal in 60%, and vergence in 33%. The vestibulo-ocular reflex and the ability to hold eccentric gaze were preserved even late in the disease.
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Several abnormalities of eye movements occur in Huntington's disease (HD).1-6 Saccades may be slow and initiated only with a head thrust or blink ("ocular motor apraxia"). There may be disruption of both smooth pursuit and fixation by inappropriate saccades. 6 Rotgitional or caloric stimuli produce normal slow phases of nystagmus, but quick phases may be slow, infrequent, or a b~e n t .~,~ We have studied the disorders of eye movement in early and advanced stages of the disease.8
Samples and methods. Diagnostic criteria for the 50 patients included progressive chorea and a definite history of similarly affected family members. The mean age was 44.7, range 22 to 75 years. There were 25 men and 25 women. Patients at all stages of the disease were studied. (Mean length of recognized illness was 7.54, range 0 to 24 years.) Twenty-five healthy subjects (9 men and 16 women) served as controls; mean age was 37.5, range 21 to 62 years. Ten healthy men (mean age 33.9, range 17 to 73 years) were controls for the quantitative studies. Clinical evaluation. Eye movements were evaluated clinically by a standard procedure. Each item of movement was scored as normal or abnormal. Clinical evaluations were recorded by video and motion picture records. Strabismus was tested by the coveruncover test. Fixation behavior was checked by direct observation and by ophthalmoscopy of one eye while the individual fixed on a stationary target with the other eye for 20 seconds. Saccades to command and to visual targets were observed. Initiation time, speed, and accuracy were noted. We noted any headthrust despite encouragement to keep the head still. Ability to make voluntary saccades without blinks was also tested. In patients with advanced disease and dementia, saccades (quick phases) were induced by vestibular stimuli. Smooth pursuit of a target moving slowly in the horizontal or vertical plane was examined, noting any corrective or extraneous saccades. Vergence movements were tested. Ability to hold eccentric eye positions ("gaze-holding") in the horizontal or vertical plane was examined, looking for nystagmus. The vestibulo-ocular reflex was evaluated during ophthalmos~opy.~ A general neurologic evaluation and the minimental test of cognitive function'O were performed. Medications were noted. Age at onset of illness was taken from time at onset of chorea, estimated by interview with a reliable informant Laboratory evaluation. Eye movements were recorded in 15 patients using a scleral search coil method.11J2 Data were recorded on magnetic tape and displayed by a pen recorder. The system bandwidth was 0 to 70 Hz, and maximum sensitivity was 5 minutes of arc. In some early-affected patients, horizontal eye movements were recorded by direct current electro-oculography (EOG). Blinks were also monitored by EOG. In early-affected patients, the head could sometimes be immobilized satisfactorily by restraints. In most patients, free head movements were allowed and recorded with a second search coil. Table 1 . Ocular motor abnormalities in 50 patients with Huntington's disease* For combined eye-head movements, eye position in the orbit was obtained by subtracting the head coil signal from the eye coil signal. Eye velocity was obtained by analog differentiation of the eye position signal.
Patients and subjects attempted fixation of a small, light-emitting diode (LED) with the room lights on and off. They were constantly encouraged to "look at the light." Saccades were made toward other LEDs, as they were illuminated. Pursuit eye movements were tested by asking the patient to track a small laser spot, rear-projected onto a semitranslucent screen. This target was driven in a triangular waveform with velocities of up to 40 deg/sec and an amplitude of 10 to 30 degrees. For some patients, sine wave stimuli were also used. The vestibulo-ocular reflex (VOR) was evaluated by rotating the patient in a Bdrdny chair, in darkness, at a constant velocity (velocity step) or sinusoidally at a number of frequencies.
Saccades from normal subjects were analyzed for peak velocity/amplitude relationships, and 95% confidence limits were obtained.13 Smooth pursuit gain (eye velocity/target velocity) was measured for a number of target velocities. VOR gain was calculated from peak eye velocity/peak head velocity.
Fixation behavior during a distraction stimulus task. The disturbance of fixation was studied in 10 controls and 10 early-affected HD patients who had normal scores on a mini-mental test.1° Patients and subjects were asked to fix on a central LED, in an otherwise dark room, and to ignore the appearance of a peripheral distracting LED until the central fixation light went out. They were then to look at the peripheral LED. A few practice trials made it clear that the instructions had been understood. Twenty trials were then carried out, with pseudo-random selection of the position and time of appearance of the peripheral distracting LED. An error was scored if there was an inappropriate saccade toward the peripheral distracting LED before the central fixation light was extinguished.
Results. The results of clinical evaluation in 50 patients (table 1) were confirmed by quantitative analysis in 15 patients.
Strabismus was not a feature of HD; five patients with tropia reported that it had been present since childhood.
Fixation was clinically abnormal in 32 of 44 patients. In six advanced cases, fixation could not be tested reliably because of chorea or dementia. Fixation was disrupted by extraneous saccades that took the eye off the target. Most of these saccades were visible on simple inspection, being 10 degrees or more in amplitude. Smaller extraneous saccades were visible on ophthalmoscopy.
When patients attempted fixation of an LED in the illuminated laboratory, there were large extraneous saccades that could not be attributed t o Voluntary eye movements, particularly smooth pursuit and vergence, could not be reliably tested in 10 patients. choreic head movements (figure 1A). On attempted fixation of a solitary LED in an otherwise dark room, these large extraneous saccades disappeared in 12 of 15 patients, but 8 of 15 still showed small, extraneous saccades (less than 3 degrees) that were followed about 200 msec later by a saccadic return to the fixation point (figure 1B). These "square wave jerks"14 occurred with a frequency of 10 or more per minute in two patients and sometimes persisted in total darkness, accompanied by slow drifts of the eyes ( figure 1C) .
Saccadic abnormalities. The most common finding was difficulty in initiating saccades. This was most prominent when the patient was asked to look in a particular direction but without a specific visual target (eg, "look to the right"). It was manifest clinically by an increased reaction time (latency) in 41 of 46 patients, and inability to make a saccade without an associated head thrust (42/47) or blink (17/49). Inability to make a voluntary saccade without head thrust was common in HD patients. Eighty percent of normal subjects showed a slight movement of the head with horizontal saccades, and 24% did so with vertical saccades. Most HD patients showed prominent head-thrusts with saccades in either horizontal or vertical plane. In early-affected patients, the pattern was sometimes asymmetric (figure 2). One-third of HD patients found it necessary to blink to initiate voluntary saccades. Saccadic slowing was evident clinically in 31 of 50 patients and was more common for vertical than horizontal saccades. Of the 15 patients who underwent eye movement recordings, 11 showed slow saccades. In some of these patients, it was difficult to be sure about saccadic velocity from clinical inspection alone. In advanced cases, slow saccades were the rule in both horizontal and vertical planes. In early cases, selective slowing of saccades sometimes affected only one direction ( figure 3, A, C, E, and F) . Saccades
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often fell short of the target (hypometria), especially in advanced cases who showed restriction of voluntary gaze in the vertical plane.
Smooth pursuit movements were clinically abnormal in 26 of 43 patients. In many patients, smooth pursuit was disrupted by saccades that would take the eye away from and then return it to the target. These saccadic intrusions were common in early disease and were more prominent during clinical examination in illuminated surroundings than on pursuit of a small target on a featureless screen. Smooth pursuit gain was usually preserved in early-affected patients. In advanced cases, smooth pursuit gain was reduced, necessitating corrective saccades (figure 3, B and D), and it could not be elicited in some demented patients.
Vergence eye movements were abnormal in 13 of 40 patients who could attend to the stimulus. Attempted vergence was broken by extraneous saccades that took the line of sight away from the near object. In advanced cases, vergence movements could not be elicited.
Eccentric gaze holding was preserved in most patients (41/46), even in some advanced patients with impaired voluntary eye movements; if their eyes were carried into far lateral gaze by a passive head rotation, the eyes would stay there for a minute or more before slowly returning to primary position in a series of small saccades. Gaze-evoked nystagmus was not seen, but sometimes the eyes could not be held in an eccentric position because inappropriate saccades interrupted fixation. 
. Saccades accompanied by head movements in HD. (A) is from a normal subject who is able to make saccades between two light-emitting diodes 40 degrees apart without any associated head movements. T h e head position record shows only transmitted cardiac pulsations. (B) is from an early-affected patient with HD. Despite constant encouragement to keep his head still, he has dificulty in making leftward saccades without an associated head movement. Time scale, at top, is in seconds.
The slow phases of the vestibulo-ocular reflex were also preserved in all patients. For velocity step stimuli, the VOR gain was close to 1. In advanced patients, quick phases of nystagmus were slowed commensurately to voluntary saccades, but the slow phases were normal (figure 4).
Fixation during a distraction stimulus test. All HD patients clearly understood the test and recognized an error when they made one. The patients all made more errors than controls (table 2, figure 5 ) .
Influence of medications o n ocular motor findings. All reported findings were seen in patients receiving no medication and those taking phenothiazines or tricyclic antidepressants. In several patients, there was no difference before and after institution of medication. Of the 15 patients whose eye movements were recorded, the range of abnormalities was similar in 7 taking medication and 8 who were not.
Discussion. The main deficits we found affected saccades, smooth pursuit, and fixation. The vestibulo-ocular reflex and the ability to hold the eyes at an eccentric position in the orbit were preserved even in late stages of the disease.
Although the rate of progression of disease varied between kinships and between individuals within a kinship, a general pattern of evolution of signs was evident (table 3) . Early, when chorea was sometimes hardly detectable, mild difficulty in initiating voluntary saccades was seen as a head thrust on attempts to look in a specific direction (eg, "look right"). This finding was sometimes hard to differentiate from the small head movements of normal people. With time, however, head thrusts became more prominent and were also seen with saccades made to visual targets; eventually, all saccadic refixations were affected. Some patients blinked with each saccade (figure 4).
Initially, some patients had normal velocity saccades, but then saccadic velocity declined. Slow saccades were first apparent on either horizontal or vertical refixations. Sometimes the slowing occurred specifically in just one direction, for example, downward. 13 Eventually, most patients showed slow, small saccades.
The ability to steadily fix upon an object was also disturbed early.6 Some normal subjects, particularly the elderly, occasionally make small saccades away from and back to the object.14 These ('square wave jerks'' were more commonly encountered in HD patients. More impressive, patients made large saccades (up to 15 degrees) away from the fixation point, even when they were encouraged to maintain a steady gaze. Later, the impaired ability to maintain steady fixation became worse unless saccades had become slow or range of voluntary movement reduced. Vergence movements and smooth pursuit, initially normal, also became disrupted by extraneous saccades that took the eye off the moving target. Some patients became unable to follow a moving stimulus; this may, in part, have been due to dementia.
The pattern of progression varied from patient to patient, but all individuals ultimately showed some abnormalities ( The progressive decline in saccadic velocity might suggest selective vulnerability of burst cells in HD, but detailed neuropathologic studies of the brainstem reticular formation are lacking. An alternative explanation is that impaired inputs to the burst cells cause them to discharge at a reduced rate.
The disturbances of initiation of saccades and the paradoxical excess of unwanted saccades that disrupt fixation and pursuit may be encountered in patients whose saccades are of normal velocity. This suggests a separate disturbance of saccadic control. The frontal eye fields (FEF) seem particularly important in the voluntary control of saccades. Neurons in a restricted portion of the FEF have visual receptive fields. The response of these neurons is enhanced if the visual stimulus becomes the target for a saccade for which a reward will be given. 24 The cerebral cortex is affected in HD,25 and involvement of the FEF may impair voluntary ability to initiate saccades toward targets. Head movements are then used to initiate a saccade ("ocular motor apraxia"). This may be a reflex form of behavior shown by afoveate animals such as the rabbit, which can generate a saccade only if it is linked to a head m o~e m e n t .~~,~
The superior colliculus seems important for sac-cades made to novel visual stimuli; experimental lesions here reduce the frequency of spontaneous saccades that the animal normally makes when in a rich visual environment, but voluntary saccades to
Hor izont a I Target Position visual targets are still p o s~i b l e .~~.~~ Similar findings have been reported in man.30 Our patients had great difficulty in suppressing eye movements toward a novel visual stimulus even though they knew that they should not glance at it. This abnormality outweighed any detectable change in overall cognition; perhaps the superior colliculus, lacking normal inhibitory inputs, was being given free rein. If so, what projections to the superior colliculus are affected in HD? One possibility is an inhibitory projection from the FEF to. the superior collic~lus.~~ Discrete lesions of the frontal lobes, in humans, cause difficulty in suppressing saccades to visually attractive targets.32 Another possibility is the pars reticulata of the substantia nigra, where some neurons decrease their discharge rate in relation to visually-guided s a~c a d e s .~~ These cells send an inhibitory projection to the superior colliculu~.~~ Functionally, the pars reticulata of the substantia nigra seems to be part of the globus p a l l i d u~.~~ Abnormal function of the pars reticulata of the substantia nigra in HD may be due to direct cell loss36*37 or secondary to altered excitatory inputs from the corpus ~t r i a t u m .~~ Bereft of inhibitory inputs, the superior colliculus may initiate saccades to any novel stimulus, regardless of the behavioral significance.
Any hypothesis for the disturbance of fixation in HD requires further physiologic, pathologic, and pharmacologic support. Whatever the mechanism, further studies seem justified, because excessive eye movements in HD may have relevance to under- standing the mechanisms of chorea, and the study of eye movements affords considerable advantages over the study of other motor systems.
